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Introduction
Laparoscopic cholecystectomy (LC) has become the standard treatment for acute cholecystitis (AC) [1] ; however, when AC becomes more severe, it increases the risk of major complications such as bile spillage, major bleeding, common bile duct injury, and bowel injury [2] , resulting in prolonged postoperative hospital stay (PHS) [3] . The clinical features of patients with AC differ by disease severity; therefore, AC severity assessment is important in providing suitable medical management for each patient. Under these circumstances, the Evidence-Based Practice Guidelines for the Management of Acute Cholangitis and Cholecystitis were published in Japanese for the first time in 2005 (JG05) [4] . The Tokyo Guidelines 2007 were the first international practical guidelines (TG07) [5] . After the Revision Committee for TG07 performed multi-institutional studies and collected cases of acute cholangitis, AC, and noninflammatory biliary disease [6] , TG07 was revised as the Tokyo Guidelines 2013 (TG13) [7] .
LC is recognized as a cost-effective treatment for patients with AC compared with open cholecystectomy [8] [9] [10] , and various factors influencing length of hospital stay including PHS and medical costs (MC) during hospitalization have been studied [3, 11, 12] . Identification of significant independent factors that affect PHS and MC in patients with AC 2 Gastroenterology Research and Practice not only is beneficial for the quality management of patient medical treatment but also is useful to assess severity grading. No previous studies have focused on MC as an index to evaluate AC severity grading, although many studies of AC severity indices have used perioperative complications, major organ damage, and hospital stay [3, [13] [14] [15] [16] . For the purpose of reducing MC in Japan, a new payment system based on the diagnosis procedure combination/Per-Diem Payment System (DPC/PDPS) [17] was developed and introduced in a medical treatment fee system in 2003 [18] , and the DPC database recently became a feasible tool for the evaluation of care processes that can provide useful information contributing to improved medical treatment quality [19] .
The AC diagnostic criteria consist of three major factors: local signs of inflammation (A), systemic signs of inflammation (B), and imaging findings (C). It is noteworthy that C is essential for the definite diagnosis of AC and that AC is suspected when A and B are present [20] . According to these criteria, however, some patients with C who are elderly and/or have dementia or paralysis are not definitively diagnosed with AC because they do not present with A or B [21] . Fever and elevated white blood cell count are not usually observed in elderly patients with AC because of their decreased antistress capacity [22, 23] . Recently, Zhang et al. [24] reported the significance of ultrasound examination in the elderly with AC because ultrasound score could accurately determine AC severity in the elderly. Therefore, the TG13 diagnostic criteria should be reassessed, especially in the elderly.
The mortality rate in patients with AC in the 1960s was comparatively high at 4% [25, 26] . However, since the 2000s, this rate decreased to <1% with improvements in medical treatment [27] [28] [29] . Therefore, mortality is no longer suitable as an indicator of AC prognosis in clinical practice, and we focused on PHS and MC as the clinical outcomes that should reflect AC severity. The aim of the present study was to identify the significant independent preoperative factors influencing PHS and MC in patients with definite, suspected, or unmatched AC diagnoses according to TG13, paying attention to the elderly and those with dementia who showed AC findings on imaging but lacked local or systemic signs of inflammation.
Materials and Methods
We reviewed the clinical database of 259 consecutive patients who underwent simple cholecystectomy for benign gallbladder diseases such as AC, adenomyomatosis, and benign polyps from January 2012 to July 2013 at Ise Red Cross Hospital. We excluded 57 patients who were treated conservatively at the first admission and operated after readmission and 31 without symptoms and/or findings of AC. Thus, we included 171 patients in the present study.
In our hospital, every in-hospital patient has his or her physical performance status assessed on admission by a nurse using the Criteria for Evaluating the Degree of Independence of Disabled Elderly Persons in Performing Activities of Daily Living [30] , and it is recorded with the ranks of J, A, B, and C in electronic medical records. Therefore, we used these records for the assessment of physical performance, and these ranks could be translated into the performance status (PS) defined by the Eastern Cooperative Oncology Group [31] , because ranks J, A, B, and C are compatible with PS 0 and 1, PS 2, PS 3, and PS 4, respectively. We defined PS 0, 1, 2, and 3 as "better" and PS 4 as "poor" in the present study.
AC Diagnostic Criteria and Severity
Grading. We amassed diagnostic findings from electronic medical records and classified the patients with A (local signs of inflammation) + B (systemic signs of inflammation) + C (imaging findings) as definite diagnosis and those with A + B as suspected diagnosis based on the TG13 diagnostic criteria for AC (see the following list). Definite diagnosis: one item in A + one item in B + C.
In the present study, new combinations-that is, the unmatched diagnoses of (one item in A or one item in B) + C and one item in A, B, or C-were added. The following list shows AC severity grades defined by TG13, which, in principle, should be employed for patients with definite AC diagnosis. In the present study, however, this severity grade was employed in the 171 patients with definite diagnoses as well as those with suspected or unmatched diagnosis as a matter of convenience.
AC Severity Assessment by TG13
Grade III. Grade III is associated with dysfunction of any one of the following organs/systems:
(1) Cardiovascular dysfunction * .
(2) Neurological dysfunction * .
(3) Respiratory dysfunction * .
(4) Renal dysfunction * .
(5) Hepatic dysfunction * .
(6) Hematological dysfunction * .
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Patients who underwent cholecystectomy for benign gallbladder diseases n = 259
Patients who were treated conservatively at the first admission and underwent operation after readmission n = 57
Unmatched diagnosis n = 62 Grade II. Grade II is associated with any one of the following conditions:
(1) Elevated WBC (>18,000/mm 3 ). 
Clinical Outcome Assessment.
MC was calculated as the total amount of medical expenses during the hospital stay. To investigate the correlations between AC severity grading and MC, we used two different MC assessments: one was calculated by the fee-for-service (FFS) payment system and the other by the DPC system. The claim of medical expenses at our hospital was based on DPC/PDPS during the survey period.
Preoperative Factors Predicting Clinical Outcomes.
To identify the preoperative factors predicting the clinical outcomes of patients with definite, suspected, or unmatched AC diagnoses, we accumulated preoperative clinical findings, including the severity grade based on TG13. These included (1) patient characteristics: age, sex, body mass index, history of diabetes mellitus, and PS; (2) preoperative diagnoses: gallbladder stones, CBD stones, acute cholangitis, and acute pancreatitis; (3) preoperative treatment: biliary drainage, hospital stay before surgery, and preoperative fasting period; (4) preoperative laboratory data: white blood cell count (WBC), hemoglobin, platelet cell count, C-reactive protein (CRP), serum albumin, blood urea nitrogen, serum creatinine, total bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, -glutamyl transpeptidase, serum amylase, and prothrombin time/international normalized ratio.
If patients had duplicate values in each item during the preoperative period, we selected the most unfavorable value for those patients. We determined the most useful preoperative factors to predict outcomes by using univariate and multivariate analyses.
Statistical Analysis.
The data for continuous variables were expressed as mean values with standard deviations. The statistical significance of mean differences among the groups was determined by the Kruskal-Wallis test. In the evaluation of preoperative factors predicting clinical outcomes of AC (PHS and MC), simple regression analyses were first used to detect statistically significant associations between each preoperative factor and then a multiple linear regression analysis was used to identify the independent preoperative factors. Only factors that were statistically significant according to the univariate analysis were included in the multivariate analysis. The results were considered to be significant for values of < 0.05. 
Results
The characteristics and medical backgrounds for 171 patients are shown in Table 1 Among 84 patients in A + B + C, only 2 (2.4%) had dementia. Regarding severity grade (Table 2) , the 84 patients with definite diagnosis showed Grade I in 55 (65.5%), Grade II in 18 (21.4%), and Grade III in 11 (13.1%); all patients in A + B ( = 25), A ( = 41), and B ( = 11) belonged to Grade I. In contrast, among 10 patients with (A or B) + C, Grade I severity was noted in 7 (70%), Grade II in 2 (20%), and Grade III in 1 (10%). Postoperative complications with regard to severity grade for 171 patients are listed in Table 3 . There was no postoperative mortality, and the incidence of postoperative complications significantly increased with severity grade: 4.3% in Grade I, 15.0% in Grade II, and 66.7% in Grade III. The incidence of preoperative drainage in Grade III was significantly higher than that in Grade I: 66.7% (8/12) versus 12.1% (15/124) ( < 0.001).
When we compared PHS and MC (×10,000 yen) in the FFS and DPC systems according to severity grades based on TG13 (Figure 3 ), PHS and MC were significantly stratified for each grade. MC in the DPC system was strongly correlated with MC in the FFS system ( = 0.99, < 0.001) (Figure 4(a) ). Furthermore, we found that PHS was significantly correlated with MC in the FFS system ( = 0.78, < 0.001), although some patients had markedly longer or shorter PHS compared to MC (Figure 4(b) ). Therefore, we performed univariate and multivariate analyses of preoperative factors influencing PHS and MC.
Univariate analysis revealed the 21 preoperative factors significantly correlated with PHS as shown in Table 4 . Interestingly, among three signs of A, B, and C for AC diagnosis, B ( = 0.004) and C ( < 0.001) were significantly associated with prolonged PHS. Multivariate analysis using these 21 factors identified the three factors of PS, WBC, and severity grade based on TG13 as significant independent preoperative factors influencing PHS (Table 5) . Regarding MC, univariate analysis revealed the 24 preoperative factors significantly correlated with MC, and multivariate analysis using these 24 factors identified the six factors of age, PS, preoperative biliary drainage, hospital stay before surgery, albumin, and severity grade based on TG13 as significant independent preoperative factors influencing MC (Table 6 ).
Discussion
AC severity grading in TG13 focuses on the presence of organ dysfunction and is considered to predict severity accurately. When AC becomes more severe, it increases the risk of major complications and results in prolonged PHS [3] . However, no reports have evaluated the usefulness of the TG13 severity grading of AC in terms of PHS and MC. Our results showed that PHS and MC were significantly increased in the order of severity grades, although our study included patients with definite, suspected, or unmatched AC diagnoses. In order to reduce MC, DPC was introduced in 2003 in Japan [18] . Recent database analyses comparing the DPC and FFS systems for patients with acute myocardial infarction revealed that the DPC system significantly reduced total accumulated medical charges [32] . In the present study, however, a linear correlation ( = 0.99, < 0.001) between MC in the DPC and FFS systems was observed, which in turn demonstrated that the DPC system in this cohort of patients did not reduce MC.
In contrast, the relationship between PHS and MC evaluated by the FFS system did not show a linear correlation, because some patients had markedly longer or shorter PHS compared to MC as shown in Figure 4(b) . In order to clarify the significant preoperative factors influencing PHS, we performed univariate and multivariate analyses, which identified three significant independent factors: PS, WBC, and severity grade based on TG13. Cheng et al. assessed the impact of TG13 and the presence of comorbidities on clinical outcomes in 103 patients with AC by univariate and multivariate regression analyses [3] . According to multivariate analysis, patients with Grade III in TG13, higher Charlson's comorbidity scores (assessing the prognostic burden of comorbid disease), and postoperative complications had longer hospital stays. Furthermore, Murata et al. performed a large database analysis using Japanese DPC data in 2176 patients with AC in 2008, and multiple linear regression analyses revealed that early and laparoscopic cholecystectomy was significantly associated with a decrease in length of stay, whereas severity of comorbid conditions, age ≥ 80 years, intensive care unit use, longer pre-and postoperative antimicrobial therapy, and gallbladder drainage were significantly associated with an increase in length of hospital stay [11] . According to these previous studies, preoperative factors influencing length of hospital stay are severity grade based on TG13, severity of comorbid conditions, age, preoperative antimicrobial therapy, and gallbladder drainage. Severity of comorbid conditions including Charlson's comorbidity score, which includes the presence of hemiplegia and dementia, is associated with PS. No reports have evaluated the significance of PS in the length of hospital stay in patients with AC. According to an international prospective study of 460 elderly patients with cancer, PS was significantly associated with extended hospital stay [33] . Interestingly, in the present study, PS was not identified as a significant independent factor predicting PHS when we classified PS 0, 1, and 2 as "better" and PS 3 and 4 as "poor." This indicated that the difference between the patients who were up and about more than 50% of waking hours (PS 3) and those who were confined to bed or a chair more than 50% of waking hours (PS 4) significantly influences PHS. WBC is a significant prognostic factor of AC [2, 34, 35] ; therefore, an increased WBC is associated with prolonged PHS.
On the other hand, we revealed that significant independent preoperative factors influencing MC were age, PS, preoperative biliary drainage, hospital stay before surgery, albumin, and severity grade based on TG13. PS and severity grade were identified as significant independent factors influencing PHS and MC. Although we can understand that preoperative biliary drainage and hospital stay before surgery were associated with increased MC, it is difficult to explain why increased age and decreased albumin were significant independent factors, because there are no previous reports of MC analysis in AC. We speculate that elderly patients require more medical resources including drugs and that decreased albumin levels are associated with poor nutrition, which may increase MC.
With regard to AC diagnostic criteria, our study suggests that imaging findings (C) are essential for diagnosis, because the patients belonging to A + B + C and (A or B) + C were equivalent in PHS and MC, and univariate analysis revealed that B and C ( < 0.001) were significantly associated with prolonged PHS. Some patients who are elderly and/or have dementia or paralysis are unlikely to present with local signs of inflammation (A) or systemic signs of inflammation (B) [21] because of their decreased antistress capacity, especially the elderly [22, 23] . In the elderly with AC, the significance of ultrasound examination prior to cholecystectomy is emphasized because ultrasound score can accurately determine AC severity and may be used as a reference for surgical intervention timing and mode selection to guide clinical therapy [24] . Therefore, we recommend reassessment of the TG13 diagnostic criteria by taking the elderly and/or those with dementia into consideration.
Conclusions
PS and severity grade based on TG13 significantly influence prolonged PHS as well as increased MC in patients with definite, suspected, or unmatched AC diagnosis, and we have to pay attention to the elderly and those with dementia who may show AC findings on imaging studies but lack local or systemic signs of inflammation.
